Dravet syndrome (DS) is a rare and severe form of epilepsy, associated with mutations of SCN1A gene, encoding for the sodium channel voltage-dependent Nav.1.1. Epilepsy appears in the first year of life in an otherwise healthy infant; seizures may be focal, unilateral or generalized and facilitated by fever. The disease is progressive and during its course neurological signs change, comorbidities appear and cognitive deficits become highly disabling. Currently, early diagnosis of the syndrome is possible, nevertheless, up today, many adult cases remain not yet diagnosed, especially if the clinical childhood history is fragmented. A preliminary stereophotogrammetric morphometric evaluation of facial soft tissues of six Dravet syndrome patients (3 males, 3 females, aged between 16 and 37 years) was performed with the aim of facilitating the recognition of the syndrome also in adult patients and identifying morphological common facial features in affected patients.The three-dimensional coordinates of a set of facial landmarks, identified on the faces of the patients, were collected and compared to the coordinates of a group of reference subjects, paired for age, sex and ethnicity and previously acquired. From these coordinates, linear measurements were performed and z-scores were computed. The analysis of z-scores showed that patients had a reduction of mandibular ramus length (z-score = -1.7) and a consequent reduction of the ratio between the anterior and posterior facial heights (z-score = -1.3). Furthermore, 4 of the 6 patients had a reduction of the labial philtrum width. Despite the reduced number of patients, this preliminary report shows the presence of dysmorphic features among them. These results could give a support for a correct diagnosis in adult patients and could indicate a possible role of SCN1A or close genes in facial morphogenesis.
Introduction
Dravet syndrome is a rare form of epilepsy, and is accompanied by impaired psychomotor and neurologic development, occurring in the first year of life in otherwise healthy children. Initially described in 1978 [1] as "severe myoclonic epilepsy of infancy" (SMEI); in the following years several authors reported similar cases in Europe and in Japan [2, 3] . In 1989 the eponym ''Dravet syndrome'' was proposed, because it became obvious that the epilepsy was not limited to infancy and childhood but it persisted throughout adulthood [4, 5] . (OMIM #607208, Commission on Classification and Terminology of the International League Against Epilepsy, 1989). The disease onset is during the first year of life and is marked by repeated generalized or unilateral clonic (hemiclonic with alternating side) seizures, usually triggered by fever. Seizures are often prolonged, recur in clusters and may evolve into status epilepticus [6] . A stagnation in development becomes evident from the second year of life. Language starts developing at a normal age, but it progresses very slowly and many patients do not reach the stage of constructing elementary sentences. Patients' fine motor abilities do not develop well. They are disturbed by segmental myoclonus and by a poor eye-hand coordination. Learning disabilities also depend on lack of attention, hyperactivity and oppositive behavior; all of which are often present in these patients. In a minority of cases autism spectrum traits have also been reported [7] [8] [9] .
During the disease course neurologic signs appear in most of the patients, as well as hypotonia, ataxia (60%), pyramidal signs (20%), uncoordinated movements and interictal myoclonus [6] . In the last stage, after the age of 6-10 years, there is a clinical stabilization of the disease.
In adulthood seizures persist but are less frequent: convulsive seizures are rarely prolonged and usually confined to sleep; absence and myoclonic seizures can usually disappear, focal seizures persist or decrease. The clinical picture in adulthood is dominated by cognitive disability, in the most of the cases associated with behavioral disorders, as well as agitation, irritability and obsessive traits. In some of the patients autistic features are described. Adult patients present extrapyramidal signs (hypomimia, bradykinesia, abnormal latency in initiating movements) and myoclonus. Some patients present different degree of gait impairment, determined by the combination of extrapiramidal signs and orthopedic anomalies (kyphosis, scoliosis, flat feet and valgus knees) [10] [11] [12] . In 2001, for the first time, the presence of heterozygous mutations in the SCN1A gene, coding for the a-subunit of the neuronal voltage-gated sodium ion channel, type1 (NaV 1.1) was identified in 7 DS patients [13] . After the first description, several studies confirmed the presence of mutations in the SCN1A gene in DS patients. Currently, the frequency of mutations is detected around 70-80%; truncating mutations account for nearly 50% of the abnormalities, while the remaining ones include splice site and missense mutations. Intragenic deletions and whole gene deletions, including SCN1A and contiguous genes, account for 2-3% of all cases. About 12.5% of all cases exhibit no point mutations [14] [15] [16] . In about 95% of patients, mutations are de novo, but familial SCN1A mutations may also occur [17, 18] . Somatic mosaic mutations have been reported in some patients and should be taken into account when estimating the recurrence [19, 20] ; furthermore mosaic SCN1A mutations might contribute to explain the phenotypic variability seen within the same family. The aim of this preliminary study is to facilitate the recognition of the syndrome also in adult patients, identifying morphological common facial features among them. Different human syndromes such as Down's and Marfan and also epileptic ones, like Glut-1 deficiency, are characterised by typical facial features, whose recognition can improve the detection of the disease, both in young and adult subjects [21] [22] [23] [24] [25] [26] . Currently, facial features can be easily investigated through an anthropometric approach by means of user-friendly and not invasive optical instruments such as stereophotogrammetry and laser scanners [27, 28] . At this purpose, the three-dimensional facial morphology of a group of DS patients was analysed. The identified morphological features may be useful for the recognition of the disease in adults not previously diagnosed and in cases of unusual or variable presentation of the disease.
Method

Involved patients and control subjects
Six patients (three females and three males), aged from 16 to 37 years and affected by DS, were analyzed. All of them had received a clinical diagnosis of DS during childhood, according to the criteria proposed by the International League Against Epilepsy [5] . The clinical diagnosis had also been confirmed by a mutational analysis of the SCN1A gene executed with Sanger method, denaturing high performance liquid chromatography (DHPLC). Four of them presented a missense mutation, two of them a nonsense mutation. The study also included 396 control subjects, of the same ethnicity, sex and age of patients. Details regarding the analyzed patients and reference subjects are shown in Table 1 . All control subjects did not have facial deformities and/or a previous history of facial surgery or traumas.
All the procedures were performed according to the tenets of the Declaration of Helsinki and had also been approved by the local ethic committee. They were safe and did not imply any kind of risk. Before performing every acquisition the procedures were explained and a written informed consent was collected from the interested subjects or the parents/ legal tutors. 
Data collection and analysis
Data collection was performed through a stereophotogrammetric system, VECTRA M3 (Canfield Scientific Inc, Fairfield, USA). The instrument is composed of three couples of coordinate cameras that simultaneously acquire facial images from different points of view and allow to obtain, in a 3.5 ms capture time, 3D facial reconstructions with a 1.2 mm geometry resolution [29] . The acquisition phase was preceded by the identification and marking of a set of 50 standardized landmarks on the patients and controls faces. Landmarks were gently drawn using a black liquid and biocompatible eyeliner, while the subjects were seated in front of the stereophotogrammetric system [27] . Once the facial reconstructions were obtained, all the landmarks were digitized on them and a subset of 13, located both in the midline and in the corresponding hemifaces, was chosen to extract the corresponding 3D coordinates. These coordinates were used to calculate a series of linear measurements. Details about the set of landmarks used in this study are listed below; a similar subset was used in a previous study about Glut-1 deficiency syndrome [25] . Figure 1 illustrates their position on the face.
• Trichion (Tr): in the midline, at the attachment of the hair; 2017 For each subject a set of 15 linear distances and two distance ratios were calculated. Linear distances were expressed in millimetres, ratios in percentage. Performed measurements are listed below; l and r indicate left and right facial sides respectively.
Horizontal distances include:
• Biocular width (Exr-Exl);
• Skull base width (Tr-Tl);
• Mandibular width (Gor-Gol);
• Facial width (Zyr-Zyl);
• Mouth width (Chr-Chl);
• Philtrum width (Cphr-Cphl). Vertical distances include:
• Length of the upper third of the face (Tr-N);
• Length of the middle third of the face (N-Sn);
• Length of the lower third of the face (Sn-Pg);
• Morphological height of the face (N-Pg);
• Mandibular ramus length (T-Go). Sagittal distances include:
• Mandibular body length (Pg-Go);
• Upper facial third depth (N-T);
• Depth in the maxillary region (Sn-T);
• Mandibular sagittal plane depth (Pg-T). Ratios:
• Posterior to anterior facial heights ratio (T-Go/Sn-Pg);
• Facial width/height (T-T/N-Pg).
A custom software was used to automatically perform all the calculations starting from the 3D coordinates. Once obtained the linear distances, z score values were computed. The calculation was performed subtracting from the single measurement of each patient the corresponding mean measurement of the control group and dividing by the relevant standard deviation. For patients younger than 18 years of age, z score calculation was performed using control subjects exactly paired for age; older patients were matched with controls with an age span of few years, compared to the patient's age. The age intervals for controls older than 18 years were 18-25; 26-30 and 31-40 years. Subsequently, the mean z scores and corresponding standard deviations were calculated for all measurements considered. Tables 2a and 2b show the descriptive statistics of the z scores calculated for this study. In particular, Table 2a shows the results for the horizontal and vertical distances, while Table 2b shows the results for the sagittal distances and the ratios. On average the comparison between DS patients and reference subjects did not show important differences for what concerns the horizontal and sagittal distances, since only mean patient z scores at least 1.5 SD different from the control values are considered remarkable (by definition the average z score of controls is = 0 and their SD is = 1).
Results
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On the other hand, among the vertical distances, the mandibular ramus length T-Go resulted reduced in the patients. Subsequently, the ratio between their posterior and anterior facial height resulted reduced too. Furthermore, despite the absence of a mean z-score outside the ±1.5 SD interval, four patients presented a reduction of the labial philtrum width (z scores respectively -0.9, -1.9, -2, -0.6).
Even if the reduced dimension of the sample prevented from statistical considerations, a different trend between males and females for facial width and depth in the maxillary region was evident: female faces seemed to be in the range of the controls, while male ones differed more from the reference values. Figure 2 shows an example of geometric representation of the average profile of the patients, compared to a geometric representation of the average profile of the controls. It is possible to appreciate, in patients, the reduction of the mandibular ramus length and the corresponding reduced ratio between posterior and anterior facial heights. 
Discussion
DS can be considered a multisystem chronic disorder, with a childhood onset, that continues during adulthood with a different clinical picture. Up today some adult cases can remain undiagnosed, for the absence of a documented childhood clinical history, especially for those patients entrusted in institutional care and for the reduced availability of longitudinal data about adult phenotypes [20, 30] . Nevertheless the recognition of this syndrome in adult patients has a great importance, not only from a clinical point of view, but also for the familial management which must be oriented to the application of seizures reduction strategies and to a global approach to the patient needs and quality of life [31] . In order to recognize facial traits common among the patients, which could represent "soft markers" of the disease and could be helpful for the diagnosis in unrecognised adult patients, in this preliminary study a 3D stereophotogrammetric evaluation of the facial soft tissues of six DS patients was performed. An anthropometric approach for the assessment of the facial morphology of syndromic patients is, indeed, advisable: many syndromes are characterised by a more or less evident facial morphology that can guide the clinicians towards the diagnosis, both in children and in adults [23, 24, 26] . Moreover in presence of a certain pathology, facial morphology can be affected in a not apparently appreciable way and becomes manifest thanks to a 3D facial anthropometric assessment [28] . Among the different anthropometric instruments currently available, optical instruments, such as stereophotogrammetry, offer a good opportunity to evaluate the 3D facial aspect, in a well defined, accurate and reproducible way [32] . Furthermore stereophotogrammetry is safe, fast and not invasive and permits to acquire also scarcely or not collaborative patients [27] . A previous attempt to define the facial morphology of child DS patients using photogrammetry was performed in 2011 by Nolan et al. [33] . In this study a series of ratios between linear measurements was performed by two different operators on the photographic records of a group of 12 DS patients aged 4-18 years. Patients data were compared to the measurements performed on the respective siblings, used as controls. No statistical significant differences were found between patients and their relatives [33] . Our results are in contrast with those of Nolan et al., as we found that, on average, patients have a reduced mandibular ramus length and a subsequent reduction between posterior and anterior facial height, in comparison with control subjects. This disagreement can be explained by the different methods and measurements (frontal plane 2D photographs by Nolan et al., 3D photographs in the current study), age of the patients (children vs. adults), and reference groups. In particular, in the current preliminary evaluation, each patients was compared to a group of matched controls, while Nolan et al. used only patients' siblings as reference subjects [33] . Additionally, the previous investigation did not assess facial posterior vertical distances [33] . Furthermore, in four out of the six DS evaluated patients, we found a reduction of the labial philtrum width. Alterations of this feature are often associated with syndromic condition [28, 34] . In conclusion, despite the reduced patients number, this preliminary report allowed the identification of dysmorphic facial traits in the faces of adults affected by DS. Although the present results are encouraging to help the recognition of the syndrome in undiagnosed adults, further studies on a larger patients group are mandatory, in order to provide statistically stronger results and clarify a possible role of SCN1A or close genes clusters in facial morphogenesis.
